Recently, we isolated dehydroipomeamarone, a new sesquiterpenoid from sweet potato (Ipomoea batatas Lam.) root tissue infected with Ceratocystis fimbriata (Ell. et Halst.).
The sweet potato root responds to infection with black rot fungus, Ceratocystis fimbriata, by synthesizing coequivalent amounts of furano-terpenoids such as ipomeamarone, ipomeanine, and ipomeamaronol (4, 5, 7, (9) (10) (11) (12) 18) , whose chemical structures were determined by Hiura (7), Kubota et al. (1) , and Kato et al. (9, 10) . Up to 20 mg of ipomeamarone are synthesized per g fresh weight of tissue (5) . This is an important defense mechanism of the plant because both these compounds exhibit a potent antifungal action against the pathogen (2, 7, 19, 20) , and the amounts synthesized by various varieties of sweet potato reflect the degree of resistance of the varieties (4, 5, 21) . Therefore, the elucidation of the biosynthetic mechanism of ipomeamarone, the main 1 This paper constitutes Part 110 of the Phytopathological Chemistry of Sweet Potato with Black Rot and Injury. component of the terpenoids, would contribute to elucidating the biochemical and phytopathological role of the compound.
The radioactive tracer experiments done in this laboratory proved that ipomeamarone is synthesized via the acetatemevalonate pathway (1, 3, 8, [13] [14] [15] 17) . Recently, we isolated dehydroipomeamarone (Fig. 2) , a sesquiterpenoid from sweet potato root tissue infected by C. fimbriata (16) . Acetate-2-`4C was efficiently incorporated into dehydroipomeamarone as well as ipomeamarone (3, 13) , and dehydroipomeamarone exhibited behavior similar to ipomeamarone in RF value and to Ehrlich's reagent on the TLC over silica gel (3, 13, 16) . As a result of these findings, we investigated whether dehydroipomeamarone was a precursor of ipomeamarone. Such experiments are necessary in order to elucidate the mechanism of cyclization in the later steps of the biosynthetic pathway for ipomeamarone, because few experimental studies using postmevalonate precursors have been performed. This paper indicates that dehydroipomeamarone is the immediate precursor of ipomeamarone.
MATERIALS AND METHODS

Materials. Sweet potato (Ipomoea batatas Lam. cv. Norin
No. 1) roots were harvested at Kariya Farm, Aichi in the autumn and stored at 10 to 14 C until used. Acetate-2-'4C was purchased from the Daiichi Chemical Co., Tokyo. Radioactive dehydroipomeamarone was isolated as follows: acetate-2-"C was administered to the disks of the diseased tissue with Ceratocystis fimbriata (EII. et Halst.) as described previously (13) , and the terpenoids were extracted with chloroformmethanol (1:1, v/v) from the disks; radioactive dehydroipomeamarone was isolated from the terpenoids and repeatedly purified by TLC (Kiesel Gel HF245) using n-hexane-ethylacetate (8:2, or 9:1, v/v) as developing solvent. Unlabeled dehydroipomeamarone was isolated as described previously (16) . The diseased tissue with C. fimbriata was dried at room temperature and pulverized, and 2.7 kg of the powder were extracted with chloroform-methanol (1:1, v/v). The extract was repeatedly subjected to the column chromatography over silica gel, using the developing solvent system of n-hexaneethylacetate, yielding 2.5 g of crude dehydroipomeamarone, an aliquot of which was further purified by TLC using n-hexane-ethylacetate (8:2, or 9:1, v/ v), and successively by gas 649 OGUNI AND URITANI chromatography using a column (2 m X 3 mm) of 10% 1 ,4-butanediol-succinate on Shimalite (60-80 mesh) at 185 C and a helium gas flow rate of 60 ml/min as a carrier gas.
Incubation Method. Sweet potato roots were cut into slices 2 to 3 cm thick. Both cut surfaces of the slices were inoculated with the endoconidial suspension of C. fimbriata and incubated at 30 C under high humidity for a 42-hr period. After the incubation, the disks, including the fungus-infected region (15 mm in diameter; 2 mm in thickness), were taken from the diseased tissue with a cork borer. Eight to nine disks were placed in a Petri dish (6 cm in diameter) containing 5 mm unlabeled dehydroipomeamarone suspended in 0.5% Tween 80 and 10 mM potassium phosphate buffer (pH 7.0), and preincubated for 6 hr at 30 C. The disks were transferred directly to a Petri dish containing acetate-2-14C with 5 mm unlabeled dehydroipomeamarone and 10 mm potassium phosphate buffer (pH 7.0) for 1.5 hr at 30 C. In some cases, the disks were incubated in the solution containing radioactive dehydroipomeamarone suspended in 0.5% Tween 80 and the potassium phosphate buffer for 6 hr at 30 C.
Extraction and Purification of Radioactive Ipomeamarone and Dehydroipomeamarone. At the end of the incubation period, the disks were washed twice with 50 ml each of deionized water and homogenized with 15 ml of chloroform-methanol (1:1, v/v) in a glass homogenizer. The homogenate was filtered through a glass filter (porosity No. 3), and the tissue residue was washed with 10 ml of the extracting solvent. The filtrate was shaken with 10 ml of deionized water, and the suspension was centrifuged to separate it into two layers. The chloroform layer obtained was evaporated in vacuo. The concentrate was dissolved in a small volume of chloroform-methanol and was submitted to TLC, as described previously (15) . The plate was developed with n-hexane-ethylacetate (8:2, v/v). After the development, the plate was sprayed with 10 ,ug/ml Rhodamine 6 G aqueous solution. Ipomeamarone zone was detected on the plate as a yellow zone under UV light, scraped off with a spatula, and finely pulverized in a glass bottle. The powder was suspended in a small volume of chloroform. The suspension was poured into a small glass column and ipomeamarone Table I show that dehydroipomeamarone decreased the incorporation of acetate-2-14C into ipomeamarone to about 15% when dehydroipomeamarone was administered in a concentration of 5 mm. Positive results, such as those obtained here, may not always prove that the compound under examination is a precursor because it may show the reduction by merely acting as an inhibitor of either the isotopic absorption or of the biosynthetic reaction. However, the results given in Table I indicate that dehydroipomeamarone decreased markedly the incorporation of acetate-2-'4C into ipomeamarone, but inhibited only slightly the absorption of acetate-2-`4C. The data in Table I also indicated that the label of acetate-2-`C was trapped by exogenous dehydroipomeamarone supplied to the tissue, because dehydroipomeamarone was radioactive when it was reisolated after its administration to the tissue with acetate-2-`4C. These results strongly suggest that dehydroipomeamarone is a precursor in the biosynthetic pathway of ipomeamarone.
Incorporation of Radioactive Dehydroipomeamarone into Ipomeamarone. In order to obtain evidence that dehydroipomeamarone is an immediate precursor of ipomeamarone, direct conversion of radioactive dehydroipomeamarone into ipomeamarone was investigated in vivo. As shown in Table II . radioactive dehydroipomeamarone was efficiently incorporated into ipomeamarone, and the specific radioactivity of ipomeamarone semicarbazone was not lowered throughout the repeated crystallizations. The dilution value on the conversion of radioactive dehydroipomeamarone into ipomeamarone, i.e., the ratio of the specific radioactivity of dehydroipomeamarone administered to the specific radioactivity of the ipomeamarone synthesized during the incubation period was 27, and smaller than that on the conversion of farnesol-2-14C into ipomeama-IPOMEAMARONE BIOSYNTHESIS (15) . These data also indicate that dehydroipomeamarone is not a degradation product of ipomeamarone but a precursor in the biosynthetic pathway of ipomeamarone. This agreed 
